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New  methods  Introduced  into  scionco  are  spread  rapidly  or  sl:*w3y 
depending  upon  the  utility  and  ease  or  their  application;  in  gonora: , 
at  the  beginning  it  is  difficult  for  a  no:.*  method  to  spread  and  ovo . 
more  difficult  if  the  application  of  the  new  method  i3  connected  with 
tho  use  of  relatively  complex  equipment  or  substances  which  do  not 
currently  exist  in  the  laboratories.  As  it  spreads,  however,  the.  method 
is  improved;  each  researcher  tries  to  improve  it  and  "at  the  same  tis  .a  to 
simplify  it,  to  m^ce  it  more  accurate,  more  accessible,  which,  con¬ 
sequently,  makes  the  method  itself  easier  to  spread.; 

It  is  seldom  a  matter  of  a  comulclcl/  new  method,  but  rather ^  '  " 

usually,  if  t;e  road  in  the  literature  of  the  field  we  find  numerous 
works  directed  toward  tho  same  findings  in  which  outlines  of  tho  net.* 
method  arc  found.  For  example,  there  is  the  case  of  tho  trypsiniaation ' 
method  which  was  introduced  into  the  current  practice  of  cell  cultures 
in  l$#i;  by  the  works  of  Dulbecco,  Vogt  and  Younger;  however,  tho  fi*et 
works  in  this  probloa  wero  \jt itien  MO  years  previously  by  Rou3  and  Junes. 

In  light  of  the 30  aspects,  it  is  very  difficult,  often  oven  im¬ 
possible  to  establish  a  single  paternity  and  a  date  of  origin  of  a or. a 
new  work  methods.  If,  nevertheless,  we  should  wish  to  draw  up  a  birth 
certificate  for  the  method  of  antibodies  tagged  with  fluorescent  sub¬ 
stances,  vc  would  list  the  date  as  19h2  and  the  parents  is  Albert  Coons, 
the  god  parents  being  Berliner,  Creech  ar.d  Johns 3,  The  placo  of  biith  — 
Harvard  University;  tho  circumstances  —  tho  study  of  the  prc3cnco  of 
the  pneumococcal  polysaccharide  in  mouse  tissues .  ,  * . 

?  r-Js  *  <./  V-O'x.sr'lfc-i-v-  -t  . 

The  method  of  fluorescent  .  .  ,ilo.  .cs  is 'based  on  two  cuiioront 
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?tic  precipitation  of  the  antigen-antibody  complex  was  known  no 
early  as  the  end  of  tho  l^fch  century  through  the  works  of  Kraus  j  the 
phenomenon  of  fluorescence  even  earlier,  before  even  hearing  of  antigene 
and  antibodies,  in  the  pharmacological  works  of  Potcrius  in  152k, 


_  Without  going  into  details  about  the  phenomenon  of  fluoresce  co, 
wo  do  mention  that  fluorescent  microcopy,  developed  by  Lehman  in  Imll, 
v;as  regularly  used  after  that  da-o  in  microbiology  and  was  used  in  :$l’f 
by  Kaiser  ling  to  facilitate  the  observation  of  the  Koch  bacoilus.  '.n 
tho  field  of  microbiology,  fluorescence  microscopy  gained  wide  usag 
through  tho  works  of  Hagemann,  Himmclwcit  and  Hoffmann  in  193?  and  '.’as 
developed  fully  in  the  hands  of  Lovaditi,  who  studied  vaccine  vims  s 
w*ith  this  rcotbod  ~  ~  — - - - 


V/e  can  see  that  two  component  elements  of  the  technique  existed* 
tha  merit  of  Coons  is  that  he  combined  them  into  a  single  method,  vr  .th 
multiple  possibilities  for  utilisation  in  theoretical  and  applied 
iraiunclogy,  in  microbiological  and  virus ological  research,  or  in  cu  voni 
diagnostics  through  tho  possibilities  in  this  method  for  following  oho 
antigens  introduced  into  the  organism  or  of  determining  their  place  of 
formation. 


It  i3  not,  however,  a  question  here  of  a  virgin  field;  research 
in  this  direction  had  been  made  much  earlier  with  other  methods. 


Thus,  in  1897,  Kachinikov  determined  the  proportion  of  tetanic 
toxins  in  different  organs  by  observing  tho  toxicity  of  the  extracts 
from  those  tissues  by  inncculat ions'  of  mice;  similar  work  with  different 
toxins  were  made  —  a  century  labor  —  by  Bio  ling  end  Gattscholk. 


A  step  forward  in  the  direction  of  following  antigens  in  the 
organism  was  made  by  Haurcwita  and  Breinx,  who  innoculatcd  rabbits  with 
horse  serum  tagged  through  bonding  with  arson  and  determined  tho  arson 
content  of  the  different  organs.  Compared  to  previous  methods,  the 
progress  was  important  since  from  that  tins  it  was  possible  to  folD  ow 
any  antigenic  substances,  not  only  toxins,  through  coupling  them  with 
arson. 


Tho  work  of  Ileidelborgcr  improved  the  method  by  coupling  a  coloured 
compound  to  the  protein-antigen,  which  mads  it  possible  to  observe  it 
directly  in  a  microscope  in  tho  form  of  coloured  granules,  without  having 
tc  rr.3ke  chemical  dotorainatlo ns. 


Three  methods,  however,  h  ;  sema  major -die advent.,  nr;cn“  which 
tho  most  important  is  the  modification  in  tha  specificity  cf ’the  antigen, 
as  a  ’osult  of  tho  coupling;  secondly,  they  are  useful  only  in  foil  x«ing 
tho  f.jto  of  an  antigen  introduce.:  from  tho  outside  and  do  not  permit  tho 
disclosure  of  tho  apee-aranco  of  an  antigen  in  th®  organism,  or  tho  localisa¬ 
tion  *>f  the  antigen  _n  the  cell  tissue* 
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Through  the  Coens*  method  of  irrauaof luorcsconco ,  the  discloeuro 
of  the  antigens  is  realised  only  physiologically,  through  their  property 
of  reacting  and  the  fading  of  the  hc-.ioicgous  antibody,  tagged  in  advance 
by  coupling  it  with  a  fluorescent  substance.  Thin  tagging  has  no  effect 
on  the  functional  specificity  of  the  antibodies. 

Among  the  modern  techniques  which  can  be  used  for  foIly.dLng  and 
localising  antigens,  wo  mention  the  method  of  tagging  with  radioactive 
isotopes,  *’  This  method  has  a  much  greater '’sensitivity' 'than  that  of  ira- 
m:mcf  luorcsconea ,  being  able  to  show  up  substances  in  concentrations  of 
only  10.3  x  10  to  uho  minus  3rd  power  tnicrogram/gram,  while  the  former 
is  limited  to  rn'iy  1  misrograra/gram  tissue*  Sven  core  closely  allied 
is  the  method  of  localising  antigens  using  antibodies  tagged  with  ferritins, 
usee  in.  electronic.’  lidcroacoty.^ . ... : 

•Fragments  cf  the  tissue  studied  to  disclose  the  antigen  aro  covered 
with  serum  containing  antibodies  of  the  particular  antigen.  This  nathed 
does  allow  the  antigen  to  be  fixed,  while  the  excess  of  unfixed  antibodies 
is  eliminated  by  washing.  Proof  of  the  antigen-antibody  reaction  is  mads 
by  examination  of  the  preparation  in  ultraviolet  light;  the  presence  of 
the  antibody,  which  was  coupled  ahead  of  time  with  a  fluorescent  sub¬ 
stance,  is  indicated  by  a  fluorescence  which  permits  not  only  the  racogni« 
ticn  of  the  existence  of  the  antigen,  but  also  the  localisation  of  the 
antigen  in  the  tissue  end  even  in  the  coll.  This  is  the  technical 
schematic  through  tv  ich  Coons  20  years  ego  developed  the  basis  for  in- 
munofluorescenco.  Tuo  method  has  now  progressed  in  all  directions,  both 
In  regard  to  the  materials  which  enter  into  reaction,  especially  tv? 
tagged  fluorescent  substance,  and  also  in  regard  to  the  actual  reaction 
itself.  .Without  going  into  details  related  to  the  preparation  cf  tho 
necessary  materials,  wo  will  describe  briefly  the  elements  that  eir  ar. 
into  the  reaction,  the  conditions  for  realising  the  reaction,  and  uho 
examine oicn  of  the  preparations « 

After  a  number  of  preliminary  tests  in  which  the  antibodies  ware 
coupled  with  anthracene,  Coons,  in  collaboration  with  Creech,  John  a 
and  Eorlincr,  synthesised  a  derivative  of  fluorescein,  isocyanate  <•? 
fluorescein,  which  was  capable  of  reacting  with  protoins  and  cf  ,jc  ning 
with  thorn  through  the  phenyl  radicals  which  formed  earbamidic  bond-;  with 
the  lysine  in  tho  proteic  molecule. 


In  ultraviolet  light  the  isccynate  cf  fluorescein  gives 


oily 


visible  yollovish -greenish  levir. essence,  corresponding  to  tho  maximum 
chromatic  sensitivity  of  the  huirsn  cyo. 

The  icocyanto  of  fluoror.ee.-in  still  has  tho  difficulty  of  bring  a 
difficult  preparation  involving  the  ue.e  of  phosgen  in  its  gaseous  Jtato, 
knc;m  to  bo  toxic;  at  the  sane  time  tho  substance  is  slightly  unstable. 
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At  the  preseat  tins,  the  isocynate  of  fluorescein  is  tending  to 
bo  replaced  by  another  derivative,  ioothiccyuaato  of  f  lucres  cel::,  vl  tch 
ves  synthesised  by  Biggs,  la  comparison  with  the  other  derivative,  this 
substance  has  the  advantage  of  being  easier  to  prepare  and,  of  croc,  al 
value,  has  a  good  stability  so  that  it  can  be  preserved  for  a  long  time. 

At  the  same  time,  tests  have  been  made  using  other  s  ubotr.oc.es 
than  derivatives  of  fluorescein.  Good  results  have  been  achieved  in  the 
uso  of  lissanin-rodsiainQj  rovaraine  and  $ -dime thyl-l-napht halcr.e »  sul- 
fonilcocricle.  After  the  coupling  of  the  fluorescent  substance  under 
well  determined  pH  end  tempo nature  conditions,  an  important  stage  in  the 
irrrars  logical  scrum  or  the  globuleinic  fragment  of  tills  serum  is  tho 
cHmii;«tiun  of  the  residues  of  the  fluorescent  substance  which  remained 
unbonded  and  which  are  generated  by  unspecific  fluorescence.  Instead 
of  extensive  dialysis,  lasting  6-3  days,  us a d  up  to  now,  greater  and 
greater  use  is  now  marie  of  purification  with  the  aid  of  adserbtion-  of 
tho  antra ic  rosins,  -  filtering  with  jollies  of  the  Sephadeoc  type,  which 
havo  the  property  of  letting  through  tho  bonded  protein  and  holding,  tho 
eoloiir-uit  unfixed  by  it,  or  adsorption  with  active  carbons.  Through 
these  .ttotheds,  purification  can  bo  accomplished  within  1-2  hours,  ur-dcr 
optimum  conditions.  Also,  for  elimination  of  tho  unspecific  fluorescence, 
the  bonded  antibodies  must  bo  adsorbed  with  powders  oy  different  organs, 
among  which  tho  mast  frequently  used  is  tho  liver,  and,  in  some  cases, 
tho  bene  marrow. 


Tho  test  tissues  must  bo  prepared  in  such  a  way  that  not 
degradation  of  tho  antigen  avoided,  but  also  the  mobilisation  of 
antigen  in  the  place  where  it  is  located.  In  the  case  of  cootie 
organs,  tho  tissues  congeal  right  after  they  cro  taken  out  at  ri 
degrees  or  more  in  a  carbonic  snow  or  liquid  propane.  The  sect! 
accomplished  in  tho  congealed  state  with  special  instrvjisnts  in 
chamber  or  after  drying  tho  congealed  tissue.  IJhon  these  condit 
cannot  be  realized,  it  is  possible  to  make  prints  of  the  test  ti 
on  cooled  plates.  The  problem  is  much  oasior  when  working  with 
cultivated  in  vitro  in  u  _sonostratun.,  since  sectioning  is  no  Ion 
necessary,  “*j)ao  foxing  is  made  with  fixatives  which  do  not  ckav.g 
antigen  iticity  and  which  accentuate  tho  autofluorosccnue  the 
The  best  results  have  been  achieved  with  alcohols,  especially  ae 
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Eix-rbaatioa  of  the  preparation  is  made  with  a  stood.... micron cope, 
with  a  i;  it  source  that  is  rich  in  ultraviolet*  Instead  of  cn  aro  lamp, 
aliuest  e.m.fusivo  use  is  cade  of  hugh  pressure  aorcury  vap-r  luxes  with 
quarto  tubes,  which  are  much  easier  to  use.  The  Intensity  of  these 
lar.ps  i?.xt'bo  sufficiently  great  to  provide  a  fluorescence  not  ' uly 
sasi:  •  i.  .^uirnihic  to  the  eye,  bat  tZ  »o  to  the  photographic  film,  ’..hoy 
arc  v arrant ly  working  with  lamps  botiuen  2 GO  end  1,000  watte. 


?h©  quarts  optics  era  not  irddepensablo,  since  tho  t&irsvicl:* t 
rays  with  lambda  equals  360  c&crons  are  not  retained  by  the  optic  pi -to. 
Ugg  is  mods  of  clear  or  darkened  base  condensers,  which  ensure  •:■  graste r 
contrast  between  tho  fluorescent  elements  and  base,  but rich  r^olr-i, 
on  tho  other  hand,  a  much  greater  source  of  light.  Of  grout  significance 
aro  the  filters,  that  is,  the  excitation  filter  or  filters  citu.it  od 
between  tho  lamp  and  tho  microscope  which  must  stop  the  rays  in  the  field 
of  visibility  end  per;:iit  tho  passage  of  tho  ultraviolet  s*avs  or  the  rays 
at  tho  beginning  of  tho  blue  spectrum;  the  second  filter,  for  stopping, 
is  located  between  tho  preparation  and  the  eye  of  tho  examiner  or  the 
fill?;  end  aliens  the  passage  of  only  light  in  tha  fiold  of  visibility, 
stopping  tho  ultraviolet  rays  not  absorbed  by  tho  preparation. 

At  tho  present  time,  iassunofluorasconco  knows  cany  varist.-.enc,  all 
connected,  however,  with  the  s ace  reaction  of  the  antibody  xjith  the 
cnticon. 


Tho  simplest  fora  end  also  the  initial  fore  of  this  reaction  as 
developed  by  Goons  is  tho  direct  reaction. 

The  test  preparation  is  covered  vita  several  drc-ps  of  serur. 
which  contains  antibediea  coupled  with  fluorescent  substances.  Aits •:? 
an  i  Xit>  un.Cil  of  30-60  minutes,  tho  serum  is  taken  off  cr.d  tho  preptra- 

ticn  is  w. aimed  to  got  rid  of  tho  unfixed  antigens,  and  th..n  the  prepara¬ 
tion  is  oxoroncu  under  tho  microscope,  iho  presence  of  the  antigen  and 
its  legalisation  is  marked  by  tho  fluorescence  of  tho  antibodies  tho  oh 
hsvs  boon  fixed  by  it  5  tho  colls  or  pea  Liens  of  colls  which  do  not 
contain  antigens  and  which  therefore  have  not  fixed  the  antibody  coupled 
vith  tho  tagged  substance  remain  dark. 

This  seethed  has  tho  advantage  of  simplicity,  but  requires  tho 
preparation  of  a -3  many  types  of  coupled  immunological  coruns  as  there 
aro  different  typos  of  antigens  studied. 


An  improvement  of  tho  method,’  developed  by  Coons  and  Uol 
tho  indirect  technique  or  sandwich  technique,  Tho  test  prepare 
covered,  with  an  iiammoiogical  oorua  which  is  uncoupled,  but  lime 
fluorescent  substance.  In  this  case  as so  the  antibodies  will  t 
by  the  antigen  present  in  the  preparation.  After  washing  tho  v 
auwibodics,  the  preparation  is  treated  with  a  now  scrum  which  c 
antibodies  directed  against  the  glcbulino  of  time  species  v 
first  serum  was  taken#  This  second  eerua,  in  contrast  to  the  i 
scrum,  is  coupled  in  advance  with  tho  fluorescent  substance.  1*‘ 
to  will  give  a  concrete  example* 
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via  cover  tho  pra.-_au.ion  with  a  rabbit  serum  that  is  an  mast  ps;: 
immunised,  then,  after  getting  rid  of  the  vu.fised  antibod.'.:.,. 
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rabbits  and  ocuplcd  with  fluorsscer.t  substance.  The  antibodies  of  this 
sor^t  will  react  xath  tho  antiherpotic  antibodies  —  rabbit  glcbuli.na  — 
and  will  bo  fixed  by  it.  Thus,  there  x-ri.ll  bo  forced  an  immunological 
sandwich,  a  supsrpositicning  of  antibodies  connected  by  the  two  rare  tier 
herpetic  antigen  —  antihcrpoiic  ssrum  and  rabbit  globulin 


antiglobulino  rabbit  antibody. 


Although  thi3  modification  in  tho  method  appears  more  complicated, 
in  fact  it  re presents  a  simplification  of  it,  sineo  it  is  no  longer  neces¬ 
sary  to  prepare  both  tho  coupled  scrur.3  and  equal  number  of  antigcr.j 
under  study;  it  is  only  necessary  to  have  simple  immunological  semis 
which  are  uncoupled  prepared  for  a  certain  specie  and  a  single,  uncoupled, 
anti-specie,  immunological  oorua  from  which  tho  first  ssrur  were  pre¬ 
pared .  Tho  advantage  of  this  method  appears  obvious  to  us  v;o  think 
of  or. 3  of  the  possibilities  of  working  with  this  method,  that  is,  the 
disclosure  of  antibodies  - in  human  serums.  Instead  of  coupling  each  of 
tho  test  serums  with  tho  fluorescent  substance,  it  is  sufficient  tc  have 
a  single  antiglobulino,  coupled,  human  scrum. 


In  addition  to  this,  the  indirect  method  also  gives  fcr.ttcr 
results  in  respect  to  the  specificity  and  intensity  of  tho  fluorescence. 
This  is  explained  by  the  phenomenon  of  multiplicity  in  the  coupling  of 
the  antibodies  to  tho  antigen. 


Finally,  a  new  modification  in  the  method  has  been  introduced 
by  Golc.;asaer-  and  Shepard,  As  in  tho  indirect  technique-,  the  preparation 
is  treated  with  a  specific,  uncoupled  human  serum  that  is  mixed  wit. 
fresh,  normal  guinea  pig  scrum  or  purified  complement.  This  is  coupled 


.?.* ...  , 


actioa 


with  the  ontigcn-antibcdy  complex  formed  in  the  prcc 
Localisation  of  tho  antigen  is  acco:  pliohod  vri.th  an  anbiglbbulino  guinea 
pig  serum  coupled  with  tho  fluorescent  sub  . ounce,  which  trill  shew  tho 
place  where  the  complement  was  fixed,  and  therefore  the  place  v  ore  the 
antigen-antibody  reaction  took  place.  This  mochniquo  reduces  tho  timber 
of  coupled  scrums  to  only  one,  the  antiglobulino  guinea  pig  scrum. 
Actually,  if  in  tho  direct  technique  each  scrum  used  had  to  be  cov.  led 
xjith  tho  fluorescent  tag,  while  in  the  indirect  technique  it  was  •:  .cos- 
sary  to  have  cno  coupled  serum  for  each  specie  for  which  teunolog:  cal 
serum  was  being  prepared,  in  tho  Gbldwassor  technique,  through  the  intro¬ 
duction  of  the  complement  and,  in  the  final  instance,  the  disclose,  j  of 
it,  there  is  no  longer  any  importance  to  the  specie  from  which  tho 
first  immunological  scrum  comes. 


only 


The  application  of  irarrenof luorcscer. so  is  not,  however,  rest  Lctod 
to  the  disclosure  of  antigens,  but  can  also  be  used  to  diaelc  a 


antibodies . 


Two  techniques,  ono  direct  erd  or. c  indirect,  h 
described  in  this  ease,  bn. 


also  been 


.  —  -  — j9  uu.  hero  the  difiVi  cnee  b oU.‘ — ;  them  cloos  :..ot 

con.. act  only  in  the  modality  of  U;e  disclosure,  but  in  what  is  die-  loaed. 
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Actually,  through  tho  direct  tf.chn5.cyc,  which  consists  of  cov.-ring 
the  test  preparation  (for  csccnp le,  a  print  of  rabbit  spleen)  with  or  anti- 
goranglcbulino  rabbit  scrum  coupled  w::th  the  fluorescent  sitbstaucc,  it 
will  bo  possible  to  disclose  tho  cells  that  contain  gammaglobulins, 
regardless  of  their  iremunological  specificity. 

The  indirect  technique,  as  in  tho  coco  of  tho  disclosure  of  t.:o 
antigens,  involves  the  f oration  of  an  irrawncO.ogical  eand'.rioh.  Tho 
tost  preparation  is  covered  with  a  la;;;cr  of  antigens  which  ere  ho.rxOagouj 
to  the  aahfoodios  which  one  desires  to  disclose.  The  antigen  will  1  j 
fixed  by  those  ce-113  end  j.n  unose  cell  zones  in  which  the  antibody  ia 
present.  After  getting  rid  of  the  unfixed  antigen  excess,  tho  props* 
tion  is  covered  with  a  coupled  scrum  containing  antibodies  from  tho- 
antigen  in  the  proceeding  layor.  In  turn,  these  antibodies  are  fixed 
the  antigen  of  this  layer,  thus  marking  through  their  fluorescence  t: 
place  of  tho  antibodies  in  tho  coll.  In  contrast  to  the  direct  metb 
tho  indirect  method  r.ct  only  generally  localises  the  catibcdies,  but 
also  dotornineo  the  antibodies  in  light  of  their  iicaanolcgicc  1’  ,c pao-ificity 
and  determines  tho  presence  of  tho  antibodies  in  relation  to  a  "..ell 
mined  definite  antigen. 


:>ra- 

?  tor 

:cd. 


Three  are  briefly  the  principles  of  the  technical  modality  of 
iv.-unoilucrcsccnce.  Depending  upon  the  goal  desired,  there  have  been 
described  numerous  possibilities  end  methods  which  have,  however,  less 
interest  from  the  standpoint  of  irauunobiolcgical  research. 

Before  proceeding  to  cic  cueoicn  or  sc no  of  tho  results  achieved, 
it  is  necessary  to  dwell  on  an  especially  important  aspect  arid  too  which 
often  ic  r.o  less  thorny,  that  is,  the  interpretation  of  the  specificity 
of  fluorescence  and  the  elimination  of  unspecific  fluorescence. 

First  of  ell,  it  most  be  pointed  out  that  there  exists  a  natural 
fluorescence  or  autofluorescence  of  tissues  which  can  be  accentuated  by 
certain  feasors  such  as  fixing  truth,  certain  substances,  including  foraol, 
preservation  under  unsuitable  conditions,  etc. 

In  general,  tide  cut  ©fluorescence  of  a  light  bluish  colour  is  not 
too  strong  and  can  be  easily  differentiated  from  the  yellowish -greenish 
fluorescence  of  tho  fluorescein,  tho  orange  of  the  redamine,  tho  yellow 
of  the  dirr.ethyl-na phthalcne -suli enil  chloride,  etc. 


Much  more  difficult,  however,  r.e  the  differential ic.-.  and  elimina¬ 
tion  of  the  unspecific  fluorescence  produced  by  tho  flucr^-ae  subsidence 
itself. 

The  principal  causes  of  th-~-  unspecific  fluorescence  arc: 

—  the  presence  in  the  conjugated  3vrum  of  tho  fluorescent  sob- 
stance  unconnected  to  the  molecule  of  tho  antibesy j 


—  tho  presence  in  the  conjugated  saruin  of  antibodies  that  react 
■with  tho  cellular  substratum,  even  in  tho  absence  of  tho  antigen  l-;ing 
tested ; 

*—  an  adsorption  of  tho  antibodies  conjugated  by  cells ,  o von  dr 
the  absence  of  an  iiuaunologicol  reaction,  usually  owin'  to  electrostatic 

forces. 

Various  procodures  have  boon  imagined  far  elimination  of  the  causos 
which  Generate  the  unspecific  fluorescence.  Thus,  for  divination  of 
the  uncoupled  fluorescent  substance,  tho  scrum  is  subjected  to  a  dialysis 
of  6-3  days,  or,  using  more  modem  techniques,  is  filteicd  through  a 
Sephadox  jolly  which  permits  the  elimination  of  the  .uncoupled  sucst  tncc 
in  a  much  shorter  tins.  Also,  for  this  purpose  soma  authors  rocors.  T.d 
adsorption  through  active  carbon,  diatonic  powders,  or  DZ..3  cellule  so 
powders.  *'■•  • 

The  elimination  of  the  heterologous  antibodies  rr.  .  th  *-\*  u'.vJch 
tend  to  bo  adsorbed  unspecifically  i:>  accomplished  threr  tr.  .  tho 
conjugated  serum  with  powders  if-..:  tho  liver  or  bono  u:,.rc./  of  v..u'i  brent 
species  of  animals;  also,  tests  h.-:vp  be..:.:  made  on  blocking  the  \ev.p  -cific 
adsorption  points  of  the  colls  vies  -in  :r  protein,  for  oiawplo ,  :  ianpie 
or  linked  albumin©,  and  as  with  and:  .r  i'l  *.  tec-uent  substance  .r  :ther 
colour,  in  order  to  create  a  contrast.  latter  method  air.-  has  the 

advantage  of  allowing  a  batter  ob.: .  :  :.licn  of  the  cytc architecture  and  an 
easier  deteroSnafcica  of  the  Iccaiu-uoicn  of  tho  fluorescent  sons. 


In  order  to  bo  able  to  consider  chat  it  is  a  neater  of  a  sp-  cifi© 
fluorescence,  any  •U.uoiug  procedure  involves  a  number  of  controls, 
ancu'-.g  which  are  tho  fallowing: 

—  test  for  tho  absence  of  fluorescence  in  a  preparation  not 
having  the  test  antigen,  placed  in  coats- -  with  the  serum  or  serums  vhich 
aro  coupled  for  working; 

—  test  for  tho  absence  of  fluorescence  in  a  preparation  oc:  gaining 
tho  tost  antigen,  but  treated  with  a  coupled  hot oros pacific  sera:.*; 

—  test  for  the  inhibition  of  fluorescence  in  a  proper.  Men  which 
contains  antigens,  but  which  is  treated  in  advance  with  uncoupled  homo- 
specific  serum  end  then  with  coupled  scrum.  This  to-':,  shows  that  by 
blocking  tho  antigen  with  t bo  uncoupled  antibodies,  tho  coupled  anti¬ 
bodies  will  no  longer  bo  able  to  resot  with  it. 

Since  the  start  of  w.s  ir.  tr eduction  of  tho  toc’mic.uc  of  *  :;mao- 
f lucres ccn:.-;  and  up  to  tho  p.csent,  extremely  nuxsrovu  ..ork3  have  been 
realised  in  all  fields  of  Inlramicrobiclcgy,  both  in  d -agnostic  and 
research  work.  For  this  reason,  we  have  preferred  to  treat  only  a  few 
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aspects ,  to  present  just  scr.a  of  the  results  achieved,  end,  in  par-'  oulcr, 
those  which  have  in  to  brought  up  new  aspects  in  the  virus -cellular 
relationship  or  which  have  raised  speclu.  problems, 

First  of  all,  it  is  necessary  for  vs  to  try  to  ar.svor  the  cp  :Mcr.s 
brought  no  by  the  new  method  of  imnunofiucrcsccnco  in  relation  to  c-hor 
research  methods. 


With  the  aid  of  this  method,  ro  can  ponotrate  through  the  l:i 
imposed  by  the  classical  methods,  de:  per  into  the  heart  of  the  ph<  a. 
of  infection  ar.d  the  synthesis  cf  viruses  in  the  colls.  Fret:  this  * 
of  view  imrranofluorascsnce  represent:.  for  i-trardcrcbian  iin;.uv;oi  or;.- 
the  electronic  microscope  ropreccntef  for  iifravilcrobian  norphol., 
The  fate  of  the  cirus,  when  it  has  prnsed  into  the  coll,  can  no  lea, 
bo  fallowed  "until  a  new  generation  of  viruses  come  out  of  hh;  cell 
through  the  classical  immunological  means.  With  the  aid  of  no- 
fluorcscence,  however,  it  is  possible  to  follow  the  viral  biesyathe 
even  before  the  point  is  reached  where  the . formation  talk's  place  of 
clerr.2r.tcry,  completely  infected  corpuscles,  and  much  later  it  is  pc 
to  determine  the  place  of  the  viral  synthesis  in  the  cell  for  the  d. 
ferent  components  of  the  cirus. 
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This  has  been  shor.m  especially  clearly  by  the  teats  made  by 
M.aasab  and  collaborators  on  some  mixed  viruses:  thus,  in  the  ease  of 
the  influenza,  parainfluenza  3  and  pastes  aviar  viruses,  it  has  been 
possible  to  bring  out  the  following  sequences  in  the  synthesis  of  vie 
viruses  i  the  viral  nualeoprotein  is  synthesized  in  the  nucleus  l/iihin 
only  h  hours  from  the  infection,  while  the  her.iagglubinaiion  appears  in 
the  cytoplasm  of  the  colls  no  earlier  than  12  hours  after  infection. 

Other  mixed  viruses,  however,  such  as  the  urlisn  or  Newcastle 1 s  disease 
virus,  ore  synthesized  exclusively  in  the  cytoplasms, 

'  The  synthesis  of  the  vaccinal  viruses  also  appears  to  be  exclusively 

irtracytcplasmitic.  Thus,  Job  end  Riggs  succeeded  in  determining  the 
successive  appearance  of  three  different  antigens,  components  of  this 
virus.  The  first  to  appear,  h  hours  after  infection,  is  the,  proto is 
LS  antigen,  followed  6  tours  later  by  the  appearance  of  the  h’P  nucleo- 
protcic  antigen  containing  AKT,  and,  finally,  in  10-12  hours,  the  hamag- 
glutinating  .mtigen.  Only  after  all  of  those  antigens  have  appeared  is 
it  possible  to  show  the  inf octant  virus ;  this  is  proof  that  they  ore 
real  and  necessary  components  of  the  viral  particle. 

In  relation  to  the  initial  appearance  of  the  fluorescence,  Fvosner 
divides  viruses  into  $  groups  as  follows :  group  1  which  has  a  stir4,  eti y 
nuclear  lee  *  mention  of  the  arm  end  which  includes  tho  viruses  if 
Ccr.ine  h ....  ..ea.:.  Shops  pappiaenn,  ecu  type  h  adenovirus;  the  2nd  ;  eenp 
with  initial  nuclear  localization  which  then  passes,  however,  into  -.ho 


cytoplasms,  including  among  others  the  viruses  of  influenza,  herpes, 
some  adenoviruses,  and  foaming  si..*ian  virus* 

Tho  3rd  group  has  the  antigen  appear  initially  in  the  cytoplasm* 
end  then  in  the  nuclei,  as  in  the  case  of  measles,  polio,  and,  according 
to  S'... .0  authors,  the  vaccinal  viruses*  Group  h  includes  the  viruses  whose 
antigen  appears  simultaneously  in  the  nucleus  and  in  the  cytoplasms, 
including  the  distemper  virus  and  mouse  leukemia,  while  group  $  includes 
the  viruses  v:hich  give  an  exclusively  cytoplasmic  fluorescence,  such  as 
urlxui,  Newcastle,  Sendaym  ECHO,  psittacosis,  encephalytic  viruses, 
yellow  fever,  etc* 

This  division,  made  on  tho  basis  of  observations  made  by  various 
authors,  also  contains  contradict ary  data,  for  instance,  tho  inclusion 
of  one  virus  in  a  number  of  groups. 

In  tho  interpretation  of  the  localization  of  an  antigen  considera¬ 
tion  must  bo  given  to  a  number  of  possibilities" for  error,  including,  for 
example,  tho  migration  of  the  antigen  from  one  compartment  into  another 
at  tho  moment  of  cellular  architectonic  injury  through  the  cytopatbic. 
effeen  or  even  in  the  process  of  preparing  the  preparation?  the  possi¬ 
bility  that  the  fluorescent  zone  does  net  represent  tho  place  of  synthesis 
of  the  antigen,  but  rather -its  point  of  concentration,  with  the  antigen 
being  formed  in  another  zone  where  it  is  in  such  small  concentration 
that  it  is  not  disclosed,  or,  finally,  as  wo  pointed  out  above,  it  "light 
not  bo  a  question  of  antigen  formed  cx  nuevo  from  the  coll,  but  rather 
phagocyted. 


Consideration  must  also  bo  given  to  tho  possibility  of  the  appear¬ 
ance  in  tho  cell,  under  tho  influence  of  the  infected  viruses,  of  antigenic 
substances  which  do  not  enter  into  the  composition  of  tho  virus,  as  was 
pointed  out  in  the  case  of  'the  Newcastle  virus. 

In  certain  oases,  tho  virus -cellular  relations  found  ecu"!  bo 
studiod  only  incompletely  with  tho  classical  methods  and  many  aspects 
remained  incomprehensible  or  contradictory* 

Thus,  for  example,  it  is  known  that  the  Newcastle  virus  is  fixed 
by  Ifnrlich  ascitno  colls  arid  ha3  a  cytolytic  action  on  thorn;  without, 
however,  being  able  to  bring  out  a  multiplication  of  the  viru-  in  these 
colls,  with  tho  formation  of  active,  i o ting  virus  or  even  vioh  Lenag- 
glutinale  properwr-s  or  complement  fix„.j  properties. 
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n  followed  by  the  synthesis  of  a  new  virus. 


In  tests  made  trith  iho  aid  of  fluorescent  antibodies,  Price  .end 
Ginsberg  showed  that  the  Ehrlich  cells  placed  in  vitro  in  content  wi..h 
the  Kewcc.s  tie  virus  adsorb  this  virus  on  their  surface,  a  fact  which  is 
evidenced  through  a  peripheral  fluorescence  of  the  cells;  however,  regard¬ 
less  of  the  quantity  of  virus  adsorbed  and  the  conditions  (of  tine  and 
temperature)  in  which  they  are  incubated,  the  cells  do  not  show  intra¬ 
cellular  • cytoplasmic  or  nuclear  fluorescence  which  would  indicate  the 
penetration  of  the  virus  (and  therefore  of  the  viral  antigen)  into  t..e 
interior  of  the  cell  or  the  synthesis  of  it.  If,  however,  these  colls 
are  iunoculated  intracoriconeally  in  mice  and  then  taken  out  at  different 
intervals,  it  is  observed  that  after  a  period  of  complete  disappearance 
of  the  fluorescence,  the  fluorescence  reappears  localised  by  this  time 
in  the  interior  of  the  cell  or  in  the  cytoplasm.  The  fact  that  the 
fluorescence  appears  after  a  period  of  no:;  being  visible  and  that  it 
increases  with  the  passage  of  time  indicate,  without  doubt,  that  this  is 
a  question  of  a  synthesis  of  viral  antigen  in' the  coll.  Also,  the  fact 
that  the  iysogonosis  of  the  ascitic  Ehrlich  cells  appears  only  if  theao 
cells  are  introduced  into  tho  peritoneum,  that  is,  under  the  conditions 
under  which  this  synthesis  takes  place  and  not  in  vitro,  indicates  that 
tho  cytolosis  i3  directly  connected  with  this  synthesis  and  not  with  a 
tonic  action.  This  synthesis,  her. rover,  is  imperfect  or  incomplete  and 
does  nob  succeed  in  reaching  up  to  the  formation  of  active,  infectant 
virus,  hojnagglutinato  or  complement  finer. 


Also  connected  to  this  problem  of  averted,  viral  synthesis,  ru 
must  mention  a  number  of  studios  rm.de  in  the  field  of  the  problem  of 
cellular  susceptibility,  which  many  times  is  only  apparent.  Working 
with  the  pottos  aviar  virus,  Schafer  c ho; red.  that  in  the  cells- of  thr 
chicken  embryo  it  is  possible  to  shew  tho  synthesis  of  the  viral  nuf  Leo- 
protein  in  the  nucleus  and  of  tho  hemaggiufcinats  in  the  cyfcoplssma. 

After  the  appearance  of  both  fragments,  the  nuclcoprotcin  migrates  *oa 
tho  nucleus  into  the  cytoplasms  and  is  included,  in  tho  vicinity  of  tho 
cellular  periphery,  with  tho  homagglutinato  then  being  given  off  fro 4 
tho  cell,  as  a  comploto  virus. 

In  contrast  with  tho  cells  of  the  chicken  embryo,  the  fibrob'j  m  tic 
mice  colls  in  the  L  stem  are  not  susceptible  in  respect  to  the  pester 
aviar  virus,  since  the  innoculation  is  not  followed  by  the  formation  of 
a  new  virus. 

With  tho  aid  of  fluorescent  antibodies,  however,  it  has  been 
proven  that  this  non-susceptibility  is  apparent,  since  —  as  also  in  tho 
case  of  the  bird  colls  —  in  these  cells  also  it  is  possible  to  show  the 
synthesis  of  the  viral  nuclcoprotcin  in  the  nucleus  and  the  honey ;letinatc 
in  the  ^yie-plasma;  in  this  case,  however,  the  movement  of  tho  nay loo- 
protein  from  tho  nucleus  into  the  cytoplasms  dees  not  take  place  raid  thus 
there  is  rc  f'-yur.tfcn  of  a  oompluuely  new  virus,  creating  the  £*lUc 
appscr'ince  wf  nor.-^uscoptibiiity. 
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Interesting  .information  on  the  host  virue-collulr.r  rolaticr.d  was 
also  round  in  tho  case  of  infections  of  hamster  BHK  21  cells  with 
poliomyelitis  virus,  with  a  part  cf  these  calls  being  able  to  attain 
nalitnant  characteristics  and  producing  tuners  when  they  were  rcinnoculat: 


mcc30 

virus,  tried  to  see  if  there  existed  a  relation  between  the  number*  of 
ceii3  infected  and  the  colls  which  suffered  malignancy;  they  found  that 
$  hours  after  innoculation  almost  all  of  the  cells  showed  a  cytoplasmic 
fluorescence,  with  the  nuclei  remaining  dark.  This  fluorescence,  however, 
diminished  and  disappeared  after  3— it  days ,  ■  in  a  rate  equal  to  the  rate 
at  which  the  cells  continued  to  divide.  Coaccfenitcntly, t however,  a 
nuclear  fluorescence  appeared  in  sor.e  cells.  The  authors  interpret  tho 
initial  cytoplasraic  fluorescence  as  a  passive  fluorescence  due  to  the 
presence  of  the  viral  antigen  in  the  cytoplasms  as  a  result  of  its 
phagocyte tion,  and  not  its  synthesisization,  while  the  disappearance  of 
the  fluorescence  is  due,  they  claim,  to  the  dilution  of  this  antigen  as 
a  result  of  successive  cell  division.  The  true  viral  synthesilf  should 
take  place  only  in  those  cells  which  show  late,  nuclear  fluorescence. 

The  authors  feel  that  only  these  colls  also  suffer,  malignancy,  a  fact  p  • 
also  sustained  by  the  coincidence  between  thoir  frequency  and  that  of 
cells  capable  of  producing  tumors  in  vivo.  These  observations-/  apart 
from  their  interest  in  the  problem  or  the  oncogenous  roll-  of  some  viruses 
also  she:/  tho  lack  of  homogeneity  of  apparently '  hoiaugcneou.  r  cell  popula¬ 
tions,  in  which  because  of  oho  fact  that  the  virus  penctrauca  into  all 
of  who  cells,  only  some  of  them  arc  capable  of  reaching  the  point  where 
they  can  synthesise  virusao.  ■  -y;:'" 


The-  influenza  viruses  have  formed  the  object  of  numerous  Goodies 
with  the  aid  of  fluorescent  antibodies.  Uo  trill  treat  only  a  fey  cf 
these,  also  in  connection  with  the  problem  of  tho  host  virus-cell  -.iter 


rouatuens,  ccnecaaxuy  an  eonr.acua: :: 


importance  of  the  multi¬ 


plicity  of  infection  and  the  r..  leer  of  v_'ul  corpuscles  which  inject 
each  cell.  Watson* s  studies,  made  by  iumoculating  influenza  vires  into 
ccriol.cr.toid  meubranc  and,  with  tho  aid  of  fluorescent  antibodies,  follow 
ir.g  tu-j  appearance  of  viral  antigens  in  the  colls,  have  shewn  that  the 
different  localizations  cf  the  vires  ip.  tho  cell,  depending  on  tho 
rnscivcity  of  the  innoculatlar.,  ho.,  eg  with  doses  varying  octl  an  1,000 
corpuscles  for  a  coll  and  one  corpuscle  for  1,000  coils,  tho  cut  or  found 
that  with  the  snail  cocos  the  viral  cr.iigea  appeared  only  in  the  eyto- 
plas-  a  and  never  in  tho  rncicv  while  wi  ih  the  largo  doses  the  .-.atigen 
eloeprotoin  r.prw---  \::ff  •'“lly  in  the  nuoly.v  frr  1  there 
o  cytoplasms.  In  ’  eth  cases,  however,  the  cl.,. .  ary  viral 
could  bo  brought  c.  t  only  with  the  aid  of  an  cloctror.  o 
n  tho  periphery  cf  the  cells,  with  tho  components  of  the 
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virus  ch  were  "unassembled"  not  being  ablo  to  bo  di-ting-iahei  from 


tnc  normal  cellular  constituents.  V«rc  point  out  cue©  again  that  i  :  con-  , 
tract  to  the  electronic  Microscope,  with  the  aid  of  fluorescent  antibodies 
it  is  possiblo  to  bring  out  non-morphologic.il  antigen  elements, 

Tho  distribution  and . existence  of  viruses  in  tho  differ.”-:  o-fsns, 
studied  with  tho  aid  of  iEounofluoreccenco.  has  provided  new  aria  and 
has  succeeded  in  detecting  viruses  within  tho  very  tissues  in  whe  fa 
they  existed  in  very  e, rail  quantities,  so  that  they  could  be  brought  out 
through  inr.oculation  or  other  methods.  Thus,  Chu  and  collaborators 
found  that  96  hours  after  innoculation  of  monkeys  with  urlian  virus  thcro 
was  virus  present  not  on3y  in  tho  parotid  gl.  ad,  but  also  in  tho  white 
substance'  of  tho  narrow  and  in  the  lith  ventricular  plate  of  the  brain. 

The  urlian  virus  inhoculsted  into  the  amniotic  cavity  of  tho  .  ,  .. 
embryo  ogg  is  then  detected  coSy-'iis 

and  _cori cilant oid  membrane  and  in  the  pharyngian  and"  peritoneal  cells 
of  the  embryo#  The  same  distribution  is  also  found  in  the  case  of 

innocuiaticns  of  eggs  with  influence  virus. 

The  process  of  adapting  tho  virus  to  a  new  host  can  si;, .ill  li,  •  be 
followed  with  tho  aid  of  iiSu3anofiuore sconce;  for  example,  Gadelu  studied 
tho  localisation  of  ECHO  9  virus  injected  into  newborn  mice  and  owed 
that  in  tho  first  passage  tho  antigen  was  found  only  in  the  skelc  sal 
musculature,  while  after  a  number  of  passages  it  could  also  be  fear,  i  in 
tho  meninges,  end  then,  after  a  very  large  number  of  passages,  in  the 
perivascular  colls  and  in  tho  cells  behind  tho  nervous  parenchyma , 

•% 

One  of  the  modem  nothods  of  tit-ref  :  viruses,  bh  .  :..t c  * 
units  formed  of  [PLiJl]  under  agar,  :Ls  kru-t  in  many  cases  to  Id 
results  which  do  not  match  these  expected,  in  light  tf  the  no:f. av  of 
elementary  corpuscles  in  tho  tit:.--  . .-.a  suspension,  with  tea  nu...  of 
(PIA«X5,3  formed  units  in  general  being  much  less  than  the  number  of 
elementary  corpuscles,  Xn  this  regard  also  i:.jirunofluoreea:noc  i  "ado 
available  to  researchers  a  uothed  of  increased  accuracy  and  prec.  >rw 
Spendlaso  and  Lonnottc,  making  a  parallel  titration  of  vaccinal  •  >  >3 
by  tho  method  of  forming  [PIAJ3]  under  o.gar  under  tho  usual  corb.:.w.  .ns 
and  with  tho  aid  of  fluorescent  antibodi ,  showed  that  through  this 
method,  it  was  possible  to  bring  out  3-h  times  noro  [PL1JE]  than  through 
direct  reading.  Indeed,  it  was  fan..",  that  while  some  [PLAJE]  increased 
up  to  visible  dimensions  so  what  they  cwuld  bo  counted  vrith  tho  naked, 
eye,  others  remained  localized  in  a  very  email  number  of  colls,  so  that 
in  order  to  see  them  it  was  necessary  to  use  tho  fluorescence  of  the 
infected  cells  under  a  microscope.  This  technique,  however,  dees  not 
ensure  c.iy  an  exact  crumsraticu  of  the  [PLIJE],  but  also  ;  in  tec 
tieramicn  of  tho  viruses  which  co  r.-t  cause  tho  death  of  c-.^ia  and  who 
formation  of  (PIAJSj,  tho  antigen  being  present  in  tho  cell,  however, 
is  v.:.;ily  -van  with  the  aid  of  freer  ascent  antibodies. 
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^  In  regard  to  bringing  out  csruni  antibodies,  wo  mat  point  out 
that  aha  reactions  of  neutralisation  or  fixation  of  the  complement  oro 
ru'U'C;  senoibivo,  the  titrations  of  the  ceinass  being  much  less  in  the 
technique  of  iirj.ninofluoraccence  than  in  that  of' neutralisation  of  con- 
J.  w  w  «*.  C*1  #  On  the  other  *i ojTi cl  j  i  fluorescence 3  in  addition 

to  greater  rapidity,  it  is  possible  to  bring  out  some  difference  between 
the  circulating  antibodies.  Thus,  Higgs  and  Brown  showed  that  it  was 
possible  to  differentiate ■ in  children  the  actively  inherited  antibodies 
end  the  passively  inherited  cntibcdie3  from  disease  or  vaccinations  of 
maternal  antibodies*  In  no w  born  children  who  had  an  increased  anii- 
polionylctio  neutralising  titre  and  who  did  not  respond  to ■  ar.tipcllomyl 
vaccination,  with  the  aid  of  fluorescent  antibodies  through  the  inriirec 
motived  it  was  shejm  that  where  the  neutralization  method  yielded  largo 
titre s ,  the  scrums  of  these  children  yielded  a  much  weaker  f lucre sconce 
or  oven  none  at  all,  a  phenomenon  which  can  be  explained  by  the  process 
of  degradation  of  the  gamoglcbulino  'antibody  passively  acquired,  a 
process  thn't  moaifie  ocificity  of  the  antigen  globulins  before 

that  of  the  antibody'  globulincii m  ..  r  e.  v.  errv ... 

In  the  problem  of  the  disclosure  of  the  antibodies  in  the  t  ill, 
there  are  numerous  works  in  immunology  which  localize  the  antibody- 
producing  colls  with  the  aid  of  direct  or. indirect  techniques,  using, 
however,  soluble  antigens  as  the  intermediary  layer.  Wo  3tili  have  not 
found  —  for  instance  —  a  work  which  chows  the  disclosure  of  the  forma¬ 
tion  of  anti-viral  antibodies  using  the, homologous  virus  as  the  inter¬ 
mediary  layer. 


C-*  o 


